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Abstract: The Wittig reactions between title H-silylphosphorus ylide and 

aliphatic aldehydes give selectively Z-allyltrimethylsilanes with minimal 

formation of vinylation products. 

Since its introduction by Seyferth and the modification by Fleming,' the 

Wittig reaction between [2-(trimethylsilyl)ethylidene]triphenylphosphorane (1) 

and aldehydes has been conveniently used for the preparation of allyltrimeth- 

ylsilanes 3.' Nevertheless, the method has a principal drawback in that it 

lacks the Z/E-selectivity of the Wittig product 3; in addition, the formation -- 

of silyl group rearranged product 4 is inevitable when the reaction is 

conducted under more or less diluted conditions.3 We reported that by 

modification of the substituents at phosphorus and silicon atoms the Wittig 

olefination reaction could be thoroughly suppressed4 and that the reaction of 

the H-silylphosphorus ylides is useful for highly diastereoselective vinyla- 

tion of a-substituted aldehydes.5 In our continuing studies on synthetic 

application of the modified H-silylphophorus ylide, we have found that the 

Wittig reaction between [2-(trimethylsilyl)ethylidene]tris(2-methylphenyl)- 

phosphorane (2) and aliphatic aldehydes selectively gave Z-allyltrimethyl- 

silanes (Z)-3, which is the subject of this paper. 

Ar3P=CHCH2Si(CH3)3 S)Si(CH3)3 

R-CHO ) R_CH=CHCH2Si(CH3)3 + R-CHCH=CH2 

1 : Ar = C6H5 3 4 

2 : Ar = 2-CH3C6H4 

The Wittig reaction of semistabilized ylide such as benzylidenetriphenyl- 

phosphorane is known to show low Z/E-selectivity.6 more -- However, sterically 

congested benzylidenetris(2-methylphenyl)phosphorane tends to increase z- 

selectivity due to the destabilization of the intermediary oxaphosphetane.?r' 

We anticipated that the replacement of phenyl groups by 2-methylphenyl groups 

in 1 might improve the Z/E-selectivity of the Wittig product and at the same -- 
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Table I. The selectivity in the reaction of B-silylphosphorus ylide with 

3-phenylpropanala 

Reaction condition Product ratiob Isolated 

Entry yield of 3 

Ylide Base Temp ("C) (El-3 : (Z)-3 : 4 (%) 

1 1 n-BuLi 0 35 : 100 : 39 62 

2 2 (Me3Sij2NNa -78 0.6 : 100 : 120 29 

3 2 (Me3Si)2NNa -23 1.6 : 100 : 66 21 

4 2 (Me3Si)2NNa 0 4.7 : 100 : 22 31 

5 2 n-BuLi -78 4.0 : 100 : 15 71 

6 2 n-BuLi 0 4.3 : 100 : 7.9 82 

7 2 n-BuLi 25 5.7 : 100 : 4.8 79 

8 2 n-BuLi 67 7.6 : 100 : 0.7 52 

a) The reactions were carried out in 3 ml THF using 1.0 mmol of 3-phenylpro- 

panal and 1.2 mmol of the ylide prepared from corresponding B-trimethyl- 

silylphosphonium salt and the base specified. 

b, The ratios were determined by capillary GC analysis of crude reaction 

mixture. 

time suppress the formation of rearranged product 4. The results of the 

reactions between the 8-silylphosphorus ylides and 3-phenylpropanal under 

various reaction conditions are summarized in Table I. In contrast with the 

reaction of the ylide 1, the formation of 4 decreased substantially and better 

Z-selectivity was secured by using 2. Under the salt-free condition which 

favors the Z-selectivity in unstabilized ylide,g the z/g ratio of the allyl- 

silane increased, while the formation of vinylation product 4 was enhanced. 

The ratio among (El-3, (21-3, and 4 was also dependent on the reaction 

temperature (Entry 2s4). The ylide generated by butyllithium in THF gave 4 in 

lesser amounts (Entry 5%8). The reaction at -78 OC gave the highest ratio of 4 

due to the relatively slow decomposition of oxaphosphetane to the allylsilane 

and phosphine oxide. At higher temperature the formation of IJ-allylsilane 

gradually increased, the result being compatible with the previous observation 

by Schlosser et al..' Allyltrimethylsilanes 3 are easily freed from 4 by 

chromatography after desilylation of 4, though the separation of Z/E isomers -- 

of allyltrimethylsilane is usually unattainable. Eventually the reaction at 0 

'C with ylide 2 generated by butyllithium (Entry 6) is practically the most 

suitable for the preparation of Z-allyltrimethylsilane with reference to both - 

Z-selectivity and yield. The reactions of selected aldehydes under this 

condition were carried out and are summarized in Table II. The reagent 2 gave 
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Table II. Syntheses of Z-allyltrimethylsilane with 2 and aldehydesa 

Entry Aldehyde 

Product ratiob 

(El-3 : (Z)-3 : 4 

Isolated 

yield of 3 

(%) 

1 PhCH2CH2CHO 4.3 : 100 : 7.9 a2 

2 CH3(CH2)SCHO 3.7 : 100 : 2.3 91 

(21 : 100 : 7)C 

3 cycle-C6HllCHO 3.8 : 100 : 3.4 a2 

(37 : 100 : 15)C 

4 C6H5CH(CH3)CHO 5.5 : 100 : 2.1 88 

5 CH3CH2CH2CH(CH3)CHO 2.6 : 100 : Cl.0 3ad 

6 PhCHO 27 : 100 : 30 76 

7 (E)-PhCH=CHCHO 16 : 100 : 4.1 76 

a) A general experimental procedure: To a stirred suspension of 1.2 mmol of 

[2-(trimethylsilyl)ethyl]tris(2-methylphenyl)phosphonium iodide" in THF 

(3 ml) was added n-BuLi (1.5 M hexane solution, 1.1 mmol) at 0 OC, and the 

mixture was stirred for 30 min at room temperature. To the resulting 

ylide solution was added a solution of 1.0 mmol of aldehyde in THF (1 ml) 

at 0 OC. Usual workup followed by purification by silica gel chromatogra- 

phy after treatment by 1 M HCl yielded allyltrimethylsilane 3.'l 

b) The ratios were determined by capillary GC analysis of the crude reaction 

mixture. 

C) The ratio in parentheses denotes the selectivity for the reaction carried 

out using 1 instead of 2 under the same reaction condition. 

d) The relatively moderate yield is due to the volatile nature of the 

product. 

generally Z-allyltrimethylsilane with much higher selectivity (Z/E >94 %) for 

aliphatic saturated aldehydes than the reaction with 1. In the reactions with 

benzaldehyde or cinnamaldehyde substantial amounts of (El-3 and 4 formed, 

which may be attributable to facile reversibility of oxaphosphetane to its 

precursors ylide and aldehyde in aromatic and unsaturated aldehydes.'r" The 

reaction of aldehydes with an ylide, (2-CH3C6H4)3P=C(CH3)CH2Si(CH3)3, which 

has an additional methyl group at a-position of phosphorus atom, did not yield 

allylsilane but resulted in enolization of aldehyde due to the sterically 

congested nature of the ylide. 

The method for synthesis of E-allyltrimethylsilane using 2 is highly 

selective compared with that using 1 reported by Seyferth, and will be 

applicable to a variety of aliphatic aldehydes. 
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